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PROBLEM TO BE SOLVED: To manufacture a silicon film and a solar 
battery which are excellent in characteristics by arranging a silicon film 
formation body so that its film formation surface is in opposition to a gas 
blow out opening whose size is the same as an area of a film formation 
surface of a silicon film formation body or exceeding it. 
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chamber 1 are provided with a lower heater 2 and an upper heater 3, 
respectively and a container 4 for storing liquid raw material A is installed 
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bonding to the upper heater 3 is mounted along a parallel direction to an 
opening surface of the upper opening 4a of the container 4 arranged 
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the container 4 and is covered with the upper opening 4a of the container 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates mainly to LSI, TFT, a solar battery, the formation 

method of the silicon film used as a photo conductor, and the manufacture method of a solar battery. 

[0002] 

[Description of the Prior Art] Conventionally, as the formation method of a polycrystal silicon film or an amorphous silicon 
film, SiH4 or the heat CVD (Chemical Vapor Deposition) method using silane gas like Si2H6, a plasma CVD method, optical 
CVD, etc. are used. That is, these depositing methods are the methods of making decompose silane gas by heat energy which 
the silane gas as material gas decomposes, electrical energy, and the light energy, and forming the deposition film of silicon 
on a silicon **** organizer, and generally, by the polycrystal silicon film, with heat CVD and the amorphous silicon film, a 
plasma CVD method is used widely and they are industrialized. 

[0003] However, there were following un-arranging in these methods. That is, in the plasma CVD method, control of plasma 
was difficult, the trouble on the physical properties of amorphous silicon films, such as membraneous degradation by the 
collision of a charged particle and degradation of the interface state in a device, arose, and also equipment complicated [ a RF 
generator etc. ] and expensive was needed. 

[0004] In optical CVD, in order to introduce the light from the light source through a transparency aperture, some silicon 
produced by the photolysis adhered inside the transparency aperture, irradiation light was absorbed, and the irradiation light 
intensity to reactant gas was falling remarkably by this. 

[0005] In heat CVD, when an amorphous silicon film was produced and the mono silane (SiH4) was used for material gas, 
substrate temperature needed to be made into the elevated temperature of 600-650 degrees C, there were very few bound 
water quantums which compensate the structure defect in a film, and a membranous property did not become good. 
[0006] There is heat CVD using high order silane gas as the 1st method of canceling these un-arranging. as this method How 
to pyrolyze high order silane gas under the pressure more than atmospheric pressure from the former How to pyrolyze (for 
example, JP,4-62073,B) and annular silane gas The method (for example, JP,5-56852,B) of performing Heat CVD below 480 
degrees C etc. is proposed in (for example, JP,5-469,B), the method (for example, JP,60-26665,A) using branching silane gas, 
and the high order silane gas more than trishiran. 

[0007] Moreover, the method of forming a silicon film is proposed by applying the liquid compound used as the silicon film 
instead of gaseous phase reaction on a silicon **** organizer, and making it pyrolyze from the former as the 2nd method of 
solving such a technical problem (for example, JP,7-267621,A, JP,9-237927,A). 
[0008] 

[Problem(s) to be Solved by the Invention] However, in order to blow off from the outside of a chamber and to introduce 
material gas via a nozzle, there was a technical problem that the homogeneous silicon film to which thickness was equal was 
not especially obtained in a large area substrate in the 1st method (heat CVD using the high order silane) of the above. 
[0009] Moreover, since evaporation of most quantity of a liquid compound took place in a process until it forms a silicon 
film, there was a technical problem that the use efficiency of a silicon film raw material was bad, and became the cause of 
worsening the part and a manufacturing cost in the 2nd method (how to form a silicon film, by the pyrolysis of the applied 
liquid compound). Furthermore, when a liquid compound was applied in the state where it dissolved in the solvent, the 
technical problem that a silicon film was polluted with impurities other than the doping agent contained in a solvent occurred. 
[0010] Therefore, in this invention, these technical problems are solved and it aims at manufacturing cheaply the silicon film 
and solar battery which were excellent in the property. 
[0011] 

[Means for Solving the Problem] this invention has attained solution of the technical problem mentioned above by the 
following meanses. 

[0012] As opposed to equivalent to the area of the film forming face of a silicon **** organizer in a claim 1, or the gas 
diffuser which has a size beyond it The process which the film forming face is made to counter and arranges a silicon **** 
organizer, and the gas which makes a high order silane a principal component are turned and sprayed on the aforementioned 
film forming face from the aforementioned gas diffuser. the process which is made to decompose the sprayed gas on the 
aforementioned film forming face, and forms a silicon film is included -- it is alike rattlingly, and has the feature and this has 
the following operations That is, it will decompose, where gas is uniformly sprayed to a film forming face, and regardless of 
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the thickness of the silicon film formed, it equalizes to the size of a film forming face product. 

[0013] In a claim 2, it is the formation method of the silicon film concerning a claim 1, and the aforementioned gas has the 
feature for it to be the evaporation object of the high order silane expressed by general formula SinH2n+2 or SinH2n (n is the 
integer of 3<=n<=7), and, thereby, has the following operations. Since an impurity is no longer contained hardly in gas, 
contamination of the silicon film by these impurities stops namely, almost occurring. 

[0014] After applying to the film forming face of the 1st silicon **** organizer the liquid raw material which makes a high 
order silane a principal component in a claim 3 The process which a mutual film forming face is made to counter and arranges 
the 2nd silicon **** organizer to this 1st silicon **** organizer, While forming a silicon film in the 1st silicon **** organizer 
by the decomposition reaction of the aforementioned liquid raw material It has the feature to include the process which is 
made to disassemble the evaporation object of the liquid raw material produced by this decomposition reaction by the film 
forming face of the 2nd silicon **** organizer, and forms a silicon film, and this has the following operations. Namely, a 
silicon film can be simultaneously formed now in the 1st and 2nd silicon **** organizer by disassembly of the applied liquid 
raw material, and disassembly of the evaporation object of the liquid raw material generated in connection with it. 
[0015] In a claim 4, it is the formation method of a silicon film according to claim 3, and the aforementioned liquid raw 
material has the feature for it to be the liquefied object of a high order silane expressed by general formula SinH2n+2 or 
SinH2n (n is the integer of 3<=n<=7), and, thereby, has the following operations. Since an impurity is no longer contained 
hardly in a liquid raw material, contamination of the silicon film by these impurities stops namely, almost occurring. 
[0016] In a claim 5, a claim 1 or 4 is the formation method of the silicon film a publication either, in the evaporation 
atmosphere of the aforementioned liquid raw material, it has the feature to add the additive which gives a desired conductivity 
type to the aforementioned high order silane, and this has the following operations. Namely, a desired conductivity type can 
be given to the silicon film created now. 

[0017] In a claim 6, among each semiconductor layer which constitutes a solar battery, the monostromatic has the feature to 
form by the formation method of a claim 1 or one silicon film of 5, and, thereby, has the following operations. [ at least ] 
Namely, an operation of the claims 1 -5 mentioned above at the time of manufacture of a solar battery can be demonstrated 
now. 
[0018] 

[Embodiments of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained in detail with reference to a 
drawing. 

[0019] The high order silane used as the principal component of the liquid raw material in this invention is expressed with 
general formula SinH2n+2 or SinH2n (n is the integer of 3<=n<=7), makes these high order silanes a liquid, and the liquid 
raw material is made to contain it. If the example of such a high order silane is given Trishiran [Si3H8], a tetrapod silane 
[Si4H10], a PENTA silane [Si5H12], a hexa silane [Si6H14], a HEPUTA silane [Si7H16], cyclo trishiran [Si3H6], a cyclo 
tetrapod silane [Si4H8], These isomers, such as a cyclo PENTA silane [Si5H10], a cyclohexa silane [Si6H12], and a cyclo 
HEPUTA silane [Si7H14], exist. Moreover, the high order silane as used in the field of this invention also contains the 
various mixture besides the above-mentioned compound itself. 

[0020] Moreover, as the substrate as a silicon **** organizer, and a material of a raw material introduction container, 
material, such as semiconductor materials, such as silicon, glass, a metal, ceramics, and a thermally stable polymer, is 
mentioned. 

[0021] The formation method of the silicon film of this invention is as follows. 
[0022] The process shown below is included by the 1st method [ 1st ] of a method. 

[0023] At the 1st process, first, equivalent to the area on the front face of a substrate or the container which has opening (it 
becomes a gas diffuser) carried out more than it is prepared for an effective-area product (it is equivalent to the blasting area 
of an evaporation object), and this container is laid in the film production interior of a room. And the substrate which is a 
silicon **** organizer is carried in to a film production room, and further, a substrate is arranged so that the film forming face 
may counter opening of a container. 

[0024] At the 2nd process, while heating a substrate to the temperature (for example, 350 degrees C) suitable for carrying out 
Heat CVD, the temperature up of the liquid raw material is carried out to more than the boiling point of a high order silane. 
Then, by temperature up processing of a liquid raw material, a high order silane component evaporates from a liquid raw 
material, the evaporation object blows off from container opening, and a substrate is sprayed. The substrate is heated by the 
temperature (for example, 350 degrees C) suitable for carrying out Heat CVD at this time. Therefore, deposition of the silicon 
by the heat CVD which used the evaporation object as the raw material arises, and a silicon film is formed in the film forming 
face of a substrate. 

[0025] Since the effective-area product is arranged so that the film forming face may counter a substrate to equivalent to the 
area on the front face of a substrate, or opening of a container carried out more than it and an evaporation object is uniformly 
sprayed on a substrate along the direction of an abbreviation perpendicular of the film forming face of a substrate, the 
thickness of a silicon film equalizes this method. 

[0026] Although it is possible to form a silicon film on a substrate by heat CVD after making a high order silane component 
evaporate by carrying out the temperature up of the liquid raw material more than the boiling point as stated by the 2nd 
method [ 1st ] of a method, after applying a liquid raw material to a substrate, it is also possible by making it pass through 
temperature up process to carry out the decomposition reaction of the high order silane in the applied liquid raw material, and 
to form a silicon film. 
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[0027] Then, by the 2nd method, the silicon film is formed in two or more substrates at once by including the following 
processes. 

[0028] At the 1st process, after applying the same liquid raw material as the 1st method mentioned above to the film forming 
face of one substrate of the substrates of a couple which consist of the 1st substrate which has an equivalent size, and the 2nd 
substrate (the 1st substrate), these substrates are contained in a film production room, where opposite arrangement of the film 
forming face is carried out. 

[0029] At the 2nd process, while making the 1st substrate heat more than the temperature which the applied liquid raw 
material pyrolyzes, the 2nd substrate is heated to the temperature (for example, 350 degrees C) suitable for carrying out Heat 
CVD. A silicon film is formed in the 1st substrate by the high order siiane which was made by this to decompose the high 
order siiane in the applied liquid raw material, and was made to decompose. 

[0030] On the other hand, the high order siiane evaporated at the time of decomposition of a high order siiane is sprayed on 
the 2nd substrate by which opposite arrangement was carried out. Since the 2nd substrate is heated by the temperature (for 
example, 350 degrees C) suitable for carrying out Heat CVD, in the 2nd substrate, deposition of the silicon by the heat CVD 
which used the sprayed evaporation object as the raw material arises, and a silicon film is formed. 
[003 1] By this method, in being able to form a silicon film in the 1st and the 2nd substrate at once and a throughput's 
becoming high, the use efficiency of a liquid raw material also goes up. Moreover, at the 2nd substrate side in which a silicon 
film is formed by the heat CVD using the evaporation object, after the whole film forming face surface has been worn by the 
1st substrate, blasting of an evaporation object is performed. Thereby, as a result of blasting of an evaporation object 
becoming equal, the same effect as the 1st way the thickness of the silicon film formed by Heat CVD equalizes can be 
demonstrated. 

[0032] In addition, although what is necessary is just to control suitably parameters, such as a pressure of the coverage of a 
liquid raw material, the clearance of a substrate, temperature up temperature, a heating up time, and a controlled atmosphere, 
in order to equalize the film configurations (thickness etc.) of the silicon film formed in the 1st substrate (liquid raw material 
application substrate), and the film configurations (thickness etc.) of the silicon film formed in the 2nd substrate, such control 
relates to capacity, a configuration, etc. of a film production room. Therefore, what is necessary is to conduct various 
experiments beforehand and just to set up the above-mentioned parameter which becomes desired thickness for every film 
production room. 

[0033] Moreover, as a method of applying a liquid raw material, although there are the spin coat method, a dip coating 
method, a spray coating method, a bar coat method, the curtain coat method, etc., it is not limited especially. 
[0034] In the 1st and the 2nd method which were explained above, if the liquefied object (an isomer and different mixture of a 
high order siiane are included) of a high order siiane itself expressed with general formula SinH2n+2 or SinH2n (n is the 
integer of 3<=n<=7) is used as a liquid raw material, it will be lost that an impurity contains in a liquid raw material, and 
contamination of the silicon film by these impurities will hardly occur. 

[0035] What is necessary is just to perform it as follows, in giving a conductivity type to the 1st explained above and the 
silicon film produced by the 2nd method. Namely, what is necessary is just to add the compound containing the 3rd group 
elements of a periodic table, such as boron [B], aluminum [aluminum], a gallium [Ga], an indium [In], and a thallium [Tl], in 
film production atmosphere, in giving a p type conductivity type. Moreover, what is necessary is just to add the compound 
containing the 5th group atoms of a periodic table, such as Lynn [P], arsenic [As], antimony [Sb], and a bismuth [Bi], in film 
production atmosphere, in giving an n type conductivity type. 

[0036] It will be as follows if the example of these compounds is said. That is, as matter containing the atom of the 3rd group 
of a periodic table, a diboron hexahydride [B-2 H6], a tetraborane [B4H10], a pentaborane [B5 H9], a hexa borane [B6 H10], 
decaborane [B 10H14], trimethyl boron [B(CH3) 3], triethyl boron [B(C2H5) 3], triphenyl boron [B(C6H5) 3], etc. are 
mentioned, moreover, as matter containing the atom of the 5th group of a periodic table A phosphine [PH3], diphosphine 
[P2H4], a trimethyl phosphine [P(CH3) 3], A triethyl phosphine [P(C2H5) 3], triphenyl phosphine [P(C6H5) 3], An arsine 
[AsH3], a trimethyl arsine [As (CH3)3], A triethyl arsine [As (C2H5)3], a triphenyl arsine [As (C6H5)3], A stibine [SbH3], a 
trimethyl stibine [Sb (CH3)3], a triethyl stibine [Sb (C2H5)3], a triphenyl stibine [Sb (C6H5)3], etc. are mentioned. 
[0037] In addition, although the addition of the compound used as the source of DOPANDO to a semiconductor raw material 
is based also on the required high impurity concentration of the semiconductor thin film which should be formed, its amount 
from which the impurity atomic number to all the silicon atomic numbers in a liquid raw material generally becomes about 0.1 
- 10% is desirable. 

[0038] Next, an example of the manufacture method of a solar battery using the formation method of the silicon film of this 
invention is explained. 

[0039] The outline of the process is as follows. Namely, the silicon film containing the 3rd group atom of a periodic table 
formed by the 1st or 2nd above-mentioned method is made into p layers. A laminating is carried out on the substrate (it is 
electrode needlessness when a substrate is conductivity) which the electrode attached, making into n layers the silicon film 
containing the 5th group atom of a periodic table formed by the same method, and using as i layers the silicon film formed 
like the above-mentioned method from the high order siiane which does not contain an impurity, and an electrode is produced 
on it. 

[0040] The detail of the process is as follows. That is, in order to produce an amorphous-silicon solar cell on a glass substrate, 
the transparent electric conduction film of Sn02 grade is first formed in a glass substrate. And the liquid raw material which 
carries out the principal component of the high order siiane by which the additive containing the atom belonging to the 3rd 
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group of a periodic table, such as boron, was added is applied on a transparent-electrode film. Furthermore, the 
decomposition reaction of the liquid raw material applied by processing heat-treatment etc. to a glass substrate is carried out, 
and this forms a p type a-Si layer (silicon film with which the impurity which consists of an atom belonging to the 3rd group 
of a periodic table was doped) on a transparent-electrode film. 

[0041] Next, the liquid raw material which makes a principal component the high order silane by which the impurity is not 
added is prepared, and this liquid raw material is applied on a p type a-Si layer. Furthermore, by processing heat-treatment 
etc. to a glass substrate, the decomposition reaction of the applied liquid raw material is carried out, and an i type a-Si layer is 
formed on a p type a-Si layer. 

[0042] Furthermore, the liquid raw material which makes a principal component the high order silane by which the additive 

containing the atom belonging to the 5th group of a periodic table, such as Lynn, was added is prepared, and this liquid raw 

material is applied on an i type a-Si layer. And the decomposition reaction of the liquid raw material applied by giving 

heat-treatment etc. to a glass substrate is carried out, and this forms an n type a-Si layer (silicon film with which the impurity 

which consists of an atom belonging to the 5th group of a periodic table was doped) on an i type a-Si layer. 

[0043] Next, an amorphous-silicon solar cell completes rear-face electrodes, such as silver (Ag), by forming on an n type a-Si 

layer. 

[0044] In producing a crystal system solar battery, the liquid raw material which makes a principal component the high order 
silane by which the additive containing the atom belonging to the 5th group of a periodic table, such as Lynn, was added is 
prepared, and it applies this liquid raw material on a p type crystal Si substrate front face. And the decomposition reaction of 
the liquid raw material applied by processing heat-treatment etc. to a p type crystal Si substrate is carried out, and this forms 
an n type poly-Si layer (silicon film with which the impurity which consists of the 5th group atom of a periodic table was 
doped) on a p type crystal Si substrate. 

[0045] Next, while forming an Ti/Pd/Ag electrode on an n type poly-Si layer, a crystal system solar battery is completed by 
forming aluminum electrode in the rear face of a p type crystal Si substrate. 

[0046] An example, next the example of this invention are explained. In addition, in each example to explain, as a liquid raw 
material, the liquid raw material A which consists of mixture which contains tetrapod silane about 25wt(s).%, PENTA silane 
about 40wt(s).%, hexa silane about 20wt(s).%, and HEPUTA silane about 15 wt(s).%, respectively was used, and the silicon 
film was hereafter formed in the glass substrate using this liquid raw material A. 

[0047] In the [example 1] this example, the equipment 100 shown in drawing 1 as experiment equipment was used. This 
equipment 100 has the film production room 1 . The lower heater 2 and the up heater 3 are formed in the pars basilaris ossis 
occipitalis and the ceiling section in the film production room 1 , respectively. These heaters 2 and 3 are carrying out the shape 
of a field, and opposite arrangement is carried out. [ each other ] On the lower heater 2, the container 4 which is in arrears 
with the liquid raw material A is laid. The container 4 is carrying out the wide mouth configuration where the upper limit was 
opened wide and where the depth is shallow, for example, consists of quartzes. The effective-area product of up opening 4a of 
a container 4 is set as the area of the film forming face of glass-substrate B, equivalent, or the size beyond it. The gas diffuser 
is constituted from an example 1 by up opening 4a. 

[0048] Installation side 3a is formed in the base of the up heater 3, and arrival at a field of the glass-substrate B is carried out 

to this installation side 3a. Therefore, the up heater 3 is equipped with glass-substrate B by which arrival at a field is carried 

out along an parallel direction to the effective area of up opening 4a of the container 4 arranged caudad, opposite arrangement 

is carried out by this to a container 4, and glass-substrate B is covered by up opening 4a of a container 4. 

[0049] The liquid feeding line 5 is introduced into the film production room 1. While the outer edge connects the liquid 

feeding line 5 with the source 6 of liquid feeding, the edge has faced up opening 4a of a container 4, and the liquid raw 

material A stored in the source 6 of liquid feeding is poured into a container 4 through this liquid feeding line 5. 

[0050] The controlled-atmosphere supply line 8 is introduced into the film production room 1, and a controlled atmosphere 

(here gaseous helium) is supplied to the film production room 1 by this controlled-atmosphere introduction line 8 from the 

controlled-atmosphere source of supply 9. 

[005 1] In the film production room I, the exhaust air line 1 1 is open for free passage, and evacuation is made at it by 
operation of evacuation equipment 12 in which the film production room 1 minded this evacuation line 11. 
[0052] Hereafter, the process which forms an amorphous silicon film in glass-substrate B is explained using this equipment 
100. First, after carrying out arrival at a field of the glass-substrate B (glass substrate of the 20cmx20cm size which is the 
example of a large-sized substrate here) to the up heater 3, the film production room 1 is sealed and the film production room 
1 is evacuated to 10-7torr with evacuation equipment 12 in this state. After evacuating, the controlled-atmosphere source of 
supply 9 to a controlled atmosphere is introduced in the film production room 1 until the internal pressure in the film 
production room 1 serves as 10kPa(s). Next, the liquid raw material A is supplied to the container 4 in the film production 
room 1 from the source 6 of liquid feeding. The liquid raw material A is supplied until it fills a container 4 mostly. 
[0053] In this state, the up heater 3 is worked, and the temperature is maintained, after heating glass-substrate B to 350 
degrees C which is the temperature suitable for Heat CVD. After heating of glass-substrate B, simultaneous, or heating, the 
lower heater 2 is worked, the temperature up of the liquid raw material A in a container 4 is carried out to 200 degrees C 
which is the temperature more than the boiling point, and the solution temperature is maintained. Then, the solution 
temperature raw material A evaporates and the evaporation object is sprayed on glass-substrate B arranged above a container 
4 through up opening 4a. Since temperature maintenance of the glass-substrate B is carried out at the temperature (350 
degrees C) suitable for making an amorphous silicon deposit in heat CVD at the up heater 3 at this time, the evaporation 
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object sprayed is deposited on the front face of glass-substrate B as an amorphous silicon film with Heat CVD. The thickness 
of an amorphous silicon film is controllable by adjusting an assembly time. Here, the assembly time was set up until the 
thickness of an amorphous silicon film was set to an average of 1.22 micrometers. 

[0054] Thus, when the thickness change within the field of the amorphous silicon film (1 .22 micrometers of average 
thickness) formed in glass-substrate B was measured, it is the 1.32 micrometers of the maximum thickness, and the 1.14 
micrometers of the minimum thickness, and has checked that it was the amorphous silicon film to which the thickness from 
which standard deviation was set to 0.06 was equal. 

[0055] The following manufacture methods were enforced as an example of comparison of the [example of comparison] 
example 1. That is, in this example of comparison, the equipment 200 shown in drawing 2 was used as experiment equipment. 
Although this equipment 200 of the point of having the film production room 1, the up heater 3 which attaches glass-substrate 
B, the liquid feeding line 5, the source 6 of liquid feeding, the control led-atmosphere introduction line 8, the 
controlled-atmosphere source of supply 9, the exhaust air line 11, and evacuation equipment 12 is the same as the equipment 
100 used in the example 1, it is different the following point. That is, this equipment 200 is equipped with the raw material 
evaporation section 13 and the evaporation object jet section 14. The raw material evaporation section 13 is formed in the 
exterior of the film production room 1, is made to evaporate by heating the liquid raw material A supplied from the source 6 
of liquid feeding, and supplies the evaporation object to the evaporation section jet section 14. The evaporation object jet 
section 14 is formed in the film production room 1, counters with the up heater 3 and is arranged. The evaporation object jet 
section 14 is equipped with exhaust nozzle 14a which turns an evaporation object to the up heater 3 side, and is spouted. Two 
or more exhaust nozzle 14a is prepared. 

[0056] Hereafter, the process which forms an amorphous silicon film in glass-substrate B is explained using this equipment 
200. First, after carrying out arrival at a field of the glass-substrate B (glass substrate of the 20cmx20cm size same here as an 
example 1) to the up heater 3, the film production room 1 is sealed and the film production room 1 is evacuated to 10-7torr 
with evacuation equipment 12 in this state. After evacuating, the controlled-atmosphere source of supply 9 to a controlled 
atmosphere is introduced in the film production room 1 until the internal pressure in the film production room 1 serves as 
10kPa(s). 

[0057] In this state, the up heater 3 is worked, and the temperature is maintained, after heating glass-substrate B to 350 
degrees C which is the temperature suitable for Heat CVD. Supply the liquid raw material A to the raw material evaporation 
section 13 from the source 6 of liquid feeding after heating of glass-substrate B, simultaneous, or heating, it is made to 
evaporate here, and glass-substrate B arranged above the evaporation object jet section 14 is sprayed through exhaust nozzle 
14a in which the evaporation object jet section 14 has the evaporation object. Since temperature maintenance of the 
glass-substrate B is carried out at the temperature (350 degrees C) which was suitable for deposition of the amorphous silicon 
by heat CVD at the up heater 3 at this time, the evaporation object sprayed is deposited on the front face of glass-substrate B 
as an amorphous silicon film with Heat CVD. The thickness of an amorphous silicon film is controllable by adjusting an 
assembly time. Here, the assembly time was set up until the thickness of a silicon film was set to an average of 1.30 
micrometers. 

[0058] Thus, when the thickness change within the field of the amorphous silicon film (1.30 micrometers of average 
thickness) formed in glass-substrate B was measured, it is the 1.47 micrometers of the maximum thickness, and the 1.16 
micrometers of the minimum thickness, and standard deviation was set to 0. 10. 

[0059] By this example of comparison, in the example 1, the standard deviation of thickness is 0.06 so that clearly, and it has 
checked that thickness had gathered compared with the example of comparison whose standard deviation is 0.10. This is 
considered to be based on the following reasons. That is, in the example 1, the blasting area (effective-area product) up 
opening 4a is equivalent to the area of the film forming face of glass-substrate B, or since the evaporation object is sprayed 
towards glass-substrate B from up opening 4a of a container 4 which has a size beyond it, an evaporation object accumulates 
on a glass substrate uniformly. On the other hand, in the example of comparison, since the evaporation object is sprayed 
towards glass-substrate B from two or more exhaust nozzle 14a, as a result of blasting's becoming uneven a little to 
glass-substrate B, it is thought that the thickness of an amorphous silicon film will stop gathering. 

[0060] In the [example 2] this example, the equipment 300 shown in drawing 3 as experiment equipment was used. This 
equipment 300 has the film production room 20 and the application room 21 by which the parallel arrangement was carried 
out mutually. The film production room 20 and the application room 21 are divided by the gate valve 22 free [ opening and 
closing ]. The lower heater 23 and the up heater 24 are formed in the pars basilaris ossis occipitalis and the ceiling section in 
the film production room 20, respectively. These heaters 23 and 24 are carrying out the shape of a field, and opposite 
arrangement is carried out. [ each other ] the up heater 24 ~ the alienation between the lower heaters 23 — driving gear 24b 
which adjusts an interval is attached 

[0061] The installation sides 23a and 24a are formed in the opposed face of these heaters 23 and 24, respectively, and arrival 
at a field of a glass substrate B 1 and B-2 is carried out to these installation sides 23a and 24a, respectively, therefore, the 
heaters 23 and 24 ~ opposite arrangement of the glass substrate Bl and B-2 by which arrival at a field is carried out to each is 
mutually carried out along an parallel direction 

[0062] Receipt arrangement of the coaters (spin coater etc.) 25 is carried out at the application room 21 . Moreover, the liquid 
feeding line 26 is introduced into the application room 21. While the outer edge connects the liquid feeding line 26 with the 
source 27 of liquid feeding, the edge has faced substrate installation side 25a of a coater 25 from the upper part, and the liquid 
raw material A stored in the source 6 of liquid feeding is dropped on substrate installation side 25a of a coater 25 through this 
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liquid feeding line 5. 

[0063] The controlled-atmosphere introduction line 28 is introduced into the film production room 20, and a controlled 
atmosphere (here gaseous helium) is supplied to the film production room 20 by this controlled-atmosphere introduction line 
28 from the controlled-atmosphere source of supply 29. 

[0064] In the film production room 20 and the application room 21, the exhaust air lines 30A and 30B are open for free 
passage, respectively, and evacuation is made at them by operation of evacuation equipment 3 1 in which the film production 
room 20 and the application room 21 minded these evacuation lines 30 A and 30B. 

[0065] Hereafter, the process which forms an amorphous silicon film in glass-substrate B is explained using this equipment 
300. First, it is the 1st glass substrate Bl (here) to substrate installation side 25a of a coater 25. While laying the glass 
substrate of the 20cmx20cm size which is the example of a large-sized substrate After carrying out arrival at a field of the 2nd 
glass-substrate B-2 (it has the size equivalent to the 1st glass substrate Bl) to installation side 24a of the up heater 24 The film 
production room 20 and the application room 21 are sealed (the gate valve 22 opens wide), and the film production room 20 
and the application room 21 are evacuated to 10-7torr with evacuation equipment 3 1 in this state. After evacuating, it 
introduces into the film production room 20 and the application room 21 until internal pressure serves as 10kPa(s) from the 
controlled-atmosphere source of supply 29 in a controlled atmosphere. Next, the liquid raw material A is dropped from the 
liquid feeding line 26 to the 1st glass substrate Bl on substrate installation side 25a, and this is uniformly applied all over 
glass-substrate Bof ** lstl by the coater 25. 

[0066] In this state, the up heater 24 is worked, and the temperature is maintained, after heating 2nd glass-substrate B-2 to 
350 degrees C which is the temperature suitable for deposition of the amorphous silicon by heat CVD. And the 1st glass 
substrate Bl (finishing [ a liquid raw material A application ]) is removed from a coater 25, and it conveys to the film 
production room 20, and lays on installation side 23a of the lower heater 23, and a gate valve 22 is closed. At this time, the up 
heater 24 is raised to a position in readiness by driving gear 24b so that the lower heater 23 can be equipped with the 1st glass 
substrate Bl . And after equipping the lower heater 23 with the 1st glass substrate Bl, the up heater 24 is again dropped by 
driving gear 24b to the opposite position of both the glass substrates Bl that are the usual film production positions, and B-2. 
[0067] After carrying in the 1st glass substrate B 1 to the film production room 20 and closing a gate valve 22, the lower 
heater 2 is worked, the 1st glass substrate Bl is heated until it becomes 350 degrees C by the programming rate 200 degrees 
C/m, and the substrate temperature is maintained. Then, the liquid raw material (high order silane) applied to the 1st glass 
substrate Bl decomposes, and an amorphous silicon film is formed in the 1st glass substrate Bl of the decomposed high order 
silane. On the other hand, the high order silane evaporated at the time of decomposition of a high order silane is sprayed on 
2nd glass-substrate B-2 by which opposite arrangement was carried out. Since 2nd glass-substrate B-2 is heated by the 
temperature (for example, 350 degrees C) suitable for forming an amorphous silicon film with Heat CVD, in 2nd 
glass-substrate B-2, deposition of the amorphous silicon by the heat CVD which used the sprayed evaporation object as the 
raw material arises, and an amorphous silicon film is formed. 

[0068] The thickness of an amorphous silicon film is controllable by adjusting an assembly time. Here, the assembly time was 
set up until the thickness of the amorphous silicon film by the side of the 1st glass substrate Bl was set to an average of 0.30 
micrometers. 

[0069] thus, the place which measured the thickness of the 1st, the 2nd glass substrate Bl, and the amorphous silicon film 
formed in B-2 — the average thickness of the amorphous silicon film by the side of the 1st glass substrate Bl ~ 0.30 
micrometers it is — it receives, the average thickness of the amorphous silicon film by the side of the 2nd glass substrate B3 
is 0.32 micrometers, and it has checked that both the amorphous silicon film was almost equal thickness 
[0070] In this example, in being able to form an amorphous silicon film in the 1 st, the 2nd glass substrate B 1 , and B-2 at once 
and a throughput's becoming high, the use efficiency of a liquid raw material is also going up. Moreover, at the 2nd 
glass-substrate B-2 side which forms the amorphous silicon film with the heat CVD using the evaporation object, where the 
whole film forming face surface is being worn with the 1st glass substrate Bl, blasting of an evaporation object is performed. 
This is also equalizing the thickness of the amorphous silicon film formed by Heat CVD, as a result of blasting of an 
evaporation object becoming equal. 

[0071] [Example 3] In this example, the equipment 100 shown in drawing 1 was used as experiment equipment, and the 
amorphous silicon film was formed in glass-substrate B by the same method as an example 1 . Storing the mixed gas of a 
phosphine (it becomes a doping reagent) and hydrogen in the controlled-atmosphere source of supply 9, having introduced 
this mixed gas into the film production room 1 through the controlled-atmosphere introduction line 8, and having produced 
the film in the atmosphere of this mixed gas differs from an example 1 . 

[0072] It was checked that the amorphous silicon film of 1.20 micrometers of average thickness doped by n type had been 
formed on glass-substrate B by such manufacture method. 

[0073] [Example 4] In this example, the equipment 100 shown in drawing 1 was used as experiment equipment, and the 
amorphous silicon film was formed in glass-substrate B by the same method as an example 1 . Storing the mixed gas of a 
diboron hexahydride (it becomes a doping reagent) and hydrogen in the controlled-atmosphere source of supply 9, having 
introduced this mixed gas into the film production room 1 through the controlled-atmosphere introduction line 8, and having 
produced the film in the atmosphere of this mixed gas differs from an example 1 . 

[0074] It was checked that the amorphous silicon film of 1 .25 micrometers of average thickness doped by p type had been 
formed on glass-substrate B by such manufacture method. 

[0075] [Example 5] In this example, the equipment 300 shown in drawing 3 was used as experiment equipment, and the 
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amorphous silicon film was formed in glass-substrate B by the same method as an example 2. Storing the mixed gas of a 
diboron hexahydnde (it becomes a doping reagent) and hydrogen in the controlled-atmosphere source of supply 29 having 
ESSES v TJ nt ° f,lm P roduction room 20 and the application room 21 through the controlled-atrnosphere 

ntroduc tion line 28, and having produced the film in the atmosphere of this mixed gas differs from an example 3. 
[0076] It was checked that the amorphous silicon film doped by p type with which average thickness was set to 0 30 
milometers (the 1st glass-substrate B 1 side) and 0.32 micrometers (2nd glass-substrate B-2 side), respectively had been 
SSSfm ' he d glaSS substrate B1 ' and B " 2 b y SU£ * manufacture method, respectively 

HrWni^ XampIe 6 - M 1* eXampl6 ' the S0,3r battery Sh0wn in drawin ^ 4 was P rod « ced ^ using the equipment 100 shown in 

CXP ^T eqUipment ' and enfo f cin S the same meftod as examples I, 3, and 4 one by one. Here, the glass 
ESS?? ? m transparent-electrode film (Sn02) 40 was formed was beforehand used as a silicon **** organizer 

f0078] First, p type amorphous silicon film (P type a-Si layer) 41 of 20nm of thickness doped by p type is formed on the ' 
transparent-electrode film 40 by enforcing the same method as an example 4 to a glass substrate B3 Next, i Z amorphous 
silicon film (, type a- Si layer) 42 of 410nm of thickness is formed on p type amorphous silicon film 41 by enforcing Z same 
method as an example 1 to a glass substrate B3. Next, n type amorphous silicon film (n type a-Si layer) 43 o Z 

m AndV^T e ° n 1 T amOTPh r S Sn , iCOn fllm 42 by enf ° rcing the Same meth0d ^ exa ^ 3 to a gfaLTubstrate 
alrthnl ! h f " ^. am orphous silicon film 43, aglass substrate B3 is picked out from equipment 100, and an 

S ?Z £l t 15 C r Pl6ted by formmg the rear ~ faCe dectrode 44 which consists of silver on n type amorphous 

silicon film 43 by the resistance heating evaporation system (illustration abbreviation) 

[0079] As a result of investigating the property of this solar battery, the conversion efficiency was 6.5% and even if 
E * 'T 611 ^ 1 amor P*o»™>licon soiar cell, it has checked that the property of being equal was acquired 
[0080] In addl tion although this invention was carried out in the solar battery in the above-mentioned example 6 it cannot be 
overemphasized that it can be similarly carried out not only in a solar battery but in other photoelectrical inverters flSthto 
™ can be camed ^t, and it can carry out similarly in electron devices, such as LSI and TFT further 
[0081] Moreover • this invention cannot be overemphasized by that it can carry out similarly in the formation method of 
t !TI ° th !. r i StruCtures ' such as a Polycrystal silicon film, in addition to this, although the method of forming an 
meZned above 11 ^ ™ * flIm md ^ inVenti ° n WaS 6Xplained in each exam P Ie 

So ^° re °T' in 5? 6 6Xam ^ le 1 mentioned above ' alth °ugh U P opening 4a of the container 4 of the wide mouth 
configuration where the upper limit was opened wide and where the depth is shallow was used as the gas diffuser as an 
example of a gas diffuser, a gas diffuser is not limited to such a thing, and if it has a size beyond it, it fanno be 
overemphasized by equivalent to the area of the film forming face of a silicon **** organizer, or that you may be what thing. 

mSw? 6 I " vent 1 i ° 1 l ] Accordil5 f to this ™™tion, the following effects are done so as mentioned above. 
[0084] In the claim 1, the evaporation object became possible [ spraying uniformly ] to the film forming face Therefore it 
equalized regardless of the size of the film surface product to form, and by this, the rate of excellenTStfeing of Sess 
lo^olSion" 1 m 3 large_Sized SiliC0n **** or S anizer im P roved > and * ^ able to attain the part and 

[0085] In the claim 2 since an impurity was no longer contained hardly in the liquid raw material, contamination of the 
imp " " imPUntieS St ° PS alm ° St ° CCUrred ' and the deCtricaI P r °P ert y of the P art and a siUcon film 

[0086] In a claim 3 a silicon film can be simultaneously formed now in the 1st and 2nd silicon **** organizer by disassembly 
of the applied liquid raw material, and evaporation of the liquid raw material accompanying it In the di^^uVat ^ S of 
bZSSS! S ^ ^ effldenCy ° f a HqUid mW materki alS ° ^P-veVa^^ 

[0087] In the claim 4 since an impurity was no longer contained hardly in the liquid raw material, contamination of the 
fmprovS" 1 imPUritlQS ^ 3lm0St ° CCUrred ' and thS deCtriCaI P r °P ert y 0f the P a " and a ^licon Aim 6 

l ZZ 8 l ln "v^J' [t b t°°T eS ! P 0 ?*' 6 t0 carr y out this invention also to the various electronic parts (solar battery) which 
"at W1 Whl ° h ' deS1Fed C ° nduCtivit y *P e « be Pven now to the silicon film "created, and the cTnSti vity 

[0089] In a claim 6 an operation of the claims 1 -5 mentioned above at the time of manufacture of a solar battery and an effect 
can be demonstrated now, and low-cost-ization can be attained now with improvement in the electrical property* a solar 


[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The formation method of the silicon film characterized by providing the following Equivalent to area or the process 
which the film forming face is made to counter and arranges a silicon **** organizer to the gas diffuser which has a size 
beyond it of the film forming face of a silicon **** organizer The process which the gas which makes a high order silane a 
principal component is turned to the aforementioned film forming face from the aforementioned gas diffuser, and sprays, is 
made to decompose the sprayed gas on the aforementioned film forming face, and forms a silicon film 
[Claim 2] It is the formation method of the silicon film characterized by being the evaporation object of a high order silane 
which is the formation method of a silicon film according to claim 1 , and by which the aforementioned gas is expressed with 
general formula SinH2n+2 or SinH2n (n is the integer of 3<=n<=7). 

[Claim 3] The formation method of the silicon film characterized by providing the following The process which a mutual film 
forming face is made to counter and arranges the 2nd silicon **** organizer to this 1st silicon **** organizer after applying to 
the film forming face of the 1st silicon **** organizer the liquid raw material which makes a high order silane a principal 
component The process which is made to disassemble the evaporation object of the liquid raw material produced by this 
decomposition reaction on the film forming face of the 2nd silicon **** organizer, and forms a silicon film while forming a 
silicon film in the 1st silicon **** organizer by the decomposition reaction of the aforementioned liquid raw material 
[Claim 4] It is the formation method of the silicon film characterized by being the liquefied object of a high order silane 
which is the formation method of a silicon film according to claim 3, and by which the aforementioned liquid raw material is 
expressed with general formula SinH2n+2 or SinH2n (n is the integer of 3<=n<=7). 

[Claim 5] The formation method of the silicon film which is the formation method of the silicon film a publication 4 either, 
and is characterized by adding a claim 1 or the additive which gives a desired conductivity type into film production 
atmosphere at the aforementioned high order silane. 

[Claim 6] It is the manufacture method of the solar battery characterized by forming a monostromatic at least by the formation 
method of a claim 1 or one silicon film of 5 among each semiconductor layer which constitutes a solar battery. 


[Translation done.] 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 11 It is the cross section showing the structure of the equipment used for the example 1 grade of this invention. 
[Drawing 2] It is the cross section showing the structure of the equipment used for the example of comparison of this 
invention. 

[Drawing 3] It is the cross section showing the structure of the equipment used for the example 2 grade of this invention. 

[Drawing 4] It is the cross section showing the structure of the solar battery which carries out this invention. 

[Description of Notations] 

1 Film Production Room 2 Lower Heater 

3 Up Heater 4 Container 

4a Up opening 20 Film production room 

21 Application Room 23 Lower Heater 

24 Up Heater 25 Coater 

40 Transparent-Electrode Film 

41 P Type Amorphous Silicon Film 

42 I Type Amorphous Silicon Film 

43 N Type Amorphous Silicon Film 

A Liquid raw material B Glass substrate 

Bl The 1st glass substrate B-2 The 2nd glass substrate 


[Translation done.] 
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